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SUMMARY 

 

STUDY TITLE: Determination of the Vapor Pressure of K32 

EAG LABORATORIES  PROJECT 

NUMBER: 

 

786C-102 

SPONSOR: KOCH AGRONOMIC SERVICES, LLC 
2883 Miller Road 
Decatur, GA  30035 
United States 

TESTING FACILITY: EAG Laboratories 
Easton, Maryland 21601 

SPONSOR’S REPRESENTATIVE: Eric Searcy 

LOCATION OF STUDY, RAW 
DATA AND A COPY OF THE 
FINAL REPORT: 

EAG Laboratories 
8598 Commerce Drive 
Easton, Maryland 21601 

TEST SUBSTANCE: K32 

TEST DATES: Experimental OECD Start – September 28, 2016 
Experimental EPA Start – September 28, 2016 
Experimental Termination – October 4, 2016 

SUMMARY: The vapor pressure of K32 was determined at 20° ± 1°C using 
the static method.  A single vapor pressure determination was 
performed on three separate aliquots of the test substance.  The 
mean measured vapor pressure of K32 by the static method 
was 1798 ± 709 Pa (N = 3, CV = 39%) at 20° ± 1°C.   

The vapor pressure of a multicomponent material as 
determined by the static method would be reflective of the 
most volatile component, which based on the information 
provided would be water (17.5 Torr or 2333 Pa at 20°C) (3).   
The high CV is most likely attributed to the physical/chemical 
nature of the UVCB test material and the overall abundance of 
water in each test substance aliquot at the time of vapor 
pressure measurement. 
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INTRODUCTION 

The vapor pressure of K32 was determined at 20° ± 1°C using the static method.  EAG 

Laboratories conducted this study for Koch Agronomic Services, LLC at the EAG Laboratories analytical 

chemistry facility in Easton, Maryland.  Vapor pressure analyses were conducted from September 28, 

2016 to October 4, 2016.  Raw data generated by EAG Laboratories and a copy of the final report is filed 

under Project Number 786C-102 in archives located on the EAG Laboratories-Easton site. 

 

OBJECTIVE 

The objective of this study was to experimentally determine the vapor pressure of K32 at 

20° ± 1C. 

 

EXPERIMENTAL DESIGN 

The static method is applicable to both liquids and solids with vapor pressures at or above the 

upper range of the spinning rotor gauge method (0.5 Pa).  Measurements were performed using a Pirani 

capacitance diaphragm manometer.  The vacuum system and manometer were isolated from the test 

substance, maintained at a temperature of 20° ± 1°C, until ultimate vacuum was achieved.  The system 

and manometer were then isolated from the vacuum pumps and the test material was introduced into the 

evacuated system.  The pressure increase was monitored by the capacitance manometer at approximately 

one-second intervals.  A linear regression was obtained for pressure increase as a function of time.  The 

y-intercept of this regression corresponds to the vapor pressure of the sample. 

 

MATERIALS AND METHODS 

The study was conducted according to the procedures outlined in the protocol, “Determination of 

the Vapor Pressure of K32” (Appendix 1).  The test was performed based on procedures in the U.S. EPA 

Product Properties Test Guidelines, OPPTS 830.7950, Vapor Pressure (1) and OECD Guideline for 

Testing of Chemicals, 104, Vapour Pressure (2). 

 

Test Substance 

The test substance was received from Ricerca Biosciences, LLC on September 19, 2016 and was 

assigned testing facility identification number 13308 upon receipt.  The test substance was described as a 

liquid and identified as:  K32; Lot number:  5570-30-13.  An expiration date was not provided.  The test 
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substance was stored under refrigerated conditions in darkness.  A Certificate of Analysis for the test 

material was provided by the Sponsor (Appendix 2) and provided the following information: 

Description: Off white to pale yellowish gel 
NBPT Content:  17.3 wt% 
Water Content:  2.4 wt% 

 

Reference Substance 

The toluene reference substance was received from Sigma-Aldrich Chemical Company on 

September 22, 2016, and was assigned testing facility identification number 13315 upon receipt.  The 

reference standard, a liquid, was identified as: Toluene anhydrous, 99.8%; lot number SHBG9996V; CAS 

number 108-88-3.  The reference standard had a reported purity of 99.90%, and was stored in darkness 

under ambient conditions (Appendix 2).  An expiration date of September 22, 2016 was assigned. 

 

System Configuration 

The high vacuum system consisted of a vacuum chamber configured with a mechanical vacuum 

pump (Edwards Model E2M2), a turbomolecular pump (Leybold TURBOVAC 50), a pirani capacitance 

diaphragm manometer (Agilent PCG-750), all-metal isolation valves, a sample chamber and 

miscellaneous vacuum fittings required to assemble the components.  The pirani gauge controller was 

connected to a computer via the serial interface (RS-232 port).  A diagram of the apparatus configuration 

and an image of the high vacuum system are presented in Figures 1 and 2, respectively. 

 

The sample chamber consisted of a Pyrex tube (~2.5 cm o.d. X 12 cm) joined to a quick-fit type 

metal flange (NW-25).  The temperature of the sample chamber was maintained at 20° ± 1°C during 

pressure measurements.  A refrigerated recirculator, attached to a copper water jacket, regulated the 

temperature of the sample chamber.  The minimum and maximum temperatures of the sample chamber 

during measurement were recorded with a NIST-traceable digital thermometer. 

 

Test Procedure  

Prior to analysis of the reference or test substance, the vacuum system, including the pirani 

diaphragm capacitance manometer, was isolated from the sample chamber and evacuated to achieve 

ultimate vacuum.  Once the system had achieved ultimate vacuum, the vacuum system was isolated from 

the vacuum pumps and the reference or test substance was introduced into the evacuated system.  The rate 

of pressure increase due to out-gassing and permeation in the presence of the reference or test material 
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was determined at least once per sample aliquot at 20° ± 1°C.  Pressure increase was measured for at least 

fifteen minutes after introduction of the reference or test material. 

 

A 10.0-mL aliquot of toluene was used as a vapor pressure reference to verify the accuracy of the 

system configuration.  The vapor pressure of the reference substance by the static method was compared 

to the published values by the dynamic method (1).  The vapor pressure was determined three times.  

 

Three approximate 1g aliquots of the test substance, K32, were used for vapor pressure 

determination.  A single vapor pressure determination was performed on each aliquot. 

 

Calculations 

Least-squares-fit linear regression analysis was performed on the vapor pressure measurements 

collected after the valves to the vacuum pump were closed to determine the out-gassing rate.  A minimum 

of ten data points from the end of the vapor pressure curve with an average rate of change for the 

replicates of less than or equal to 0.10% was used for the linear regression of the test substance since it 

provided the best linearity.  In the absence of sample, the slope of the regression would be equal to the 

out-gassing rate of the system, and the y-intercept would be considered the baseline or background 

pressure.  With sample present, the sample vapor pressure was also taken as the y-intercept of the 

corresponding regression line. 

 

RESULTS AND DISCUSSION 

The mean measured vapor pressure of the reference substance, toluene, by the static method was 

3025 ± 181 Pa (N = 3, CV = 6.0%) at 20° ± 1°C.  The vapor pressure was consistent with published 

values (1).  Individual and mean measured vapor pressures (y-intercept of linear regression function) and 

the corresponding out-gassing rates (slope of linear regression function) for the reference substance at 

20° ± 1C are presented in Table 1.  Representative vapor pressure and linear regression plots for toluene 

are presented in Figures 3 and 4, respectively. 

 

The mean measured vapor pressure of K32 by the static method was 1798 ± 709 Pa (N = 3, 

CV = 39%) at 20° ± 1°C.  The test substance, K32, is classified as an UVCB (i.e. Unknown or Variable 

compositions, Complex reaction products and Biological materials) consisting of 17.3 wt% NBPT (i.e. 

N-(n-butyl)thiophosphoric triamide and 2.4 wt% water.  According to the EPA OPPTS 830.7950 
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guideline, the static method for the determination of vapor pressure is applicable to multicomponent 

solids and liquids (1).  The vapor pressure of a multicomponent material as determined by the static 

method would be reflective of the most volatile component, which based on the information provided by 

the Sponsor would be water (17.5 Torr or 2333 Pa at 20°C) (3).  A single vapor pressure determination 

was performed on three separate aliquots of the test substance since during a non-GLP method 

development trial a significant drop in vapor pressure occurred at each vapor pressure determination of a 

single test substance aliquot due to the loss of the most volatile component (i.e. water).  The high CV can 

most likely be attributed to the physical/chemical nature of the UVCB test material and the overall 

abundance of water in each test substance aliquot at the time of vapor pressure measurement.  Individual 

and mean measured vapor pressures (y-intercept of linear regression function) and the corresponding out-

gassing rates (slope of linear regression function) for the test substance at 20° ± 1C are presented in 

Table 2.  Representative vapor pressure and linear regression plots for K32 are presented in Figures 5 and 

6, respectively. 

 

CONCLUSIONS 

The vapor pressure of K32 was determined at 20° ± 1°C using the static method.  The mean 

measured vapor pressure of K32 by the static method was 1798 ± 709 Pa (N = 3, CV = 39%) at 

20° ± 1°C.  This vapor pressure is reflective of the water component in the test material (17.5 Torr or 

2333 Pa at 20°C) (3). 
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Table 1 
 

Vapor Pressure Measurements and Out-Gassing Rates for Toluene 
by the Static Method at 20°C ± 1C 

 
 
 

Temperature 
(°C) 

 
Measured 

Vapor Pressure 
(Pa) 

 
Min/Max 

Temperature 
(°C) 

Mean 
Measured 

Vapor Pressure 
(Pa)1 

 
Standard 
Deviation 

(Pa) 

 
Coefficient 
of Variation 

(CV) 

 3231 20.0/20.2    

20 2954 19.6/20.1 3025 181 6.0% 

 2890 19.7/20.0    

Literature value was 3.0 x 103 Pa and range was 2.9 x 103 Pa to 3.1 x 103 Pa using the dynamic method (1). 

 
 
 

Temperature 
(°C) 

 
Measured 

Out-gassing Rate 
(Pa/s) 

 
Min/Max 

Temperature 
(°C) 

Mean 
Measured 

Out-gassing Rate 
(Pa/s) 

 
Standard 
Deviation 

(Pa/s) 

 -2.30 x 10-2 20.0/20.2   

20 2.08 x 10-1 19.6/20.1 8.89 x 10-3 1.9 x 10-1 

 -1.58 x 10-1 19.7/20.0   
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Table 2 
 

Vapor Pressure Measurements and Out-Gassing Rates for K32 
by the Static Method at 20°C ± 1C 

 
 
 

Temperature 
(°C) 

 
Measured 

Vapor Pressure 
(Pa) 

 
Min/Max 

Temperature 
(°C) 

Mean 
Measured 

Vapor Pressure 
(Pa) 

 
Standard 
Deviation 

(Pa) 

 
Coefficient 
of Variation 

(CV) 

 1965 20.2/20.4    

20 1020 20.0/20.3 1798 709 39% 

 2409 19.9/20.1    

 
 
 

Temperature 
(°C) 

 
Measured 

Out-gassing Rate 
(Pa/s) 

 
Min/Max 

Temperature 
(°C) 

Mean 
Measured 

Out-gassing Rate 
(Pa/s) 

 
Standard 
Deviation 

(Pa/s) 

 -2.05 x 10-2 20.2/20.4   

20 5.10 x 10-1 20.0/20.3 2.58 x 10-1 2.7 x 10-1 

 2.84 x 10-1 19.9/20.1   
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   1. Vacuum Pump      6. Turbomolecular Pump 
   2. Turbopump Controller     7. Capacitance Manometer 
   3. Capacitance Manometer Controller    8. Spinning Rotor Gauge (Not Used) 
   4. Spinning Rotor Gauge Controller (Not Used)  9. Sample Chamber 
   5. Computer Workstation 
 
Figure 1.  Diagram of high vacuum system configuration.
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Figure 2.  Image of the high vacuum system.
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Figure 3.  Representative vapor pressure plot for toluene at 20° ± 1°C.  Arrow indicates time of valve 

closing (vacuum isolation) and introduction of sample into the evacuated system. 

10:55:05
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Figure 4.  Representative linear regression plot for toluene at 20° ± 1°C. 
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Figure 5.  Representative vapor pressure plot for K32 at 20° ± 1°C.  Arrow indicates time of valve 

closing (vacuum isolation) and introduction of sample into the evacuated system. 

08:05:03
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Figure 6.  Representative linear regression plot for K32 at 20° ± 1°C. 
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Appendix 1 
 

Study Protocol 
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Appendix 2 
 

Certificates of Analysis  
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Test Substance 
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Reference Substance 
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Appendix 3 
 

Personnel Involved in the Study 

 

The following key EAG Laboratories personnel were involved in the conduct or management of 

this study: 

 

1. Eric S. Bodle, Ph.D., Director of Chemistry and Avian Toxicology 

2. Raymond L. Van Hoven, Ph.D., Manager of Product Chemistry 

3. William R. Schutt, B.S., Senior Chemist 
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